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[57] ABSTRACT 

Faults in a variable valve timing mechanism can be accu 
rately diagnosed Without in?uence of a detection error by a 
crank angle sensor and the like. Aphase difference of a crank 
angle between a standard angular signal REF output from 
the crank angle sensor and a phase detection signal detected 
at a predetermined angular position of a cam shaft is counted 
every control state of the variable valve timing mechanism. 
Next, a variation between a phase difference counted at a 
time of OFF control state and a phase difference counted at 
a time of ON control state is calculated as a diagnosis 
parameter. Then, in the case that the diagnosis parameter is 
smaller than a standard value for determination, a fault in the 
variable valve timing mechanism is determined. 

9 Claims, 7 Drawing Sheets 
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DIAGNOSIS APPARATUS FOR DIAGNOSING 
VARIABLE VALVE TIMING MECHANISM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a diagnosis apparatus for 
diagnosing a variable valve timing mechanism, more par 
ticularly to a diagnosis apparatus for diagnosing a variable 
valve timing mechanism Which sWitches a phase of a cam 
shaft of an internal combustion engine With respect to a 
crank shaft in correspondence to an operational condition 
and sWitches an open and close timing of an intake and/or 
exhaust valve in correspondence to the operational 
condition, in Which Whether or not the sWitching of the 
phase is normally performed is diagnosed. 

2. Description of the Related Art 
A conventional diagnosis apparatus in a variable valve 

timing mechanism Which sWitches a phase betWeen a crank 
shaft and a cam shaft so as to control an open and close 
timing of an intake and/or eXhaust valve is disclosed in 
Japanese Patent Application Laid-Open No.4-112908. 

The apparatus is provided With a sensor for detecting a 
predetermined angular position of the crank shaft, a sensor 
for detecting a predetermined angular position of the cam 
shaft, and is structured such as to calculate a phase difference 
of a crank angle betWeen the crank shaft and the cam shaft 
on the basis of detected signals from these sensors and to 
diagnose a fault on the basis of a fact that Whether or not the 
phase difference of the crank angle becomes a value corre 
sponding to a control state of the variable valve timing 
mechanism. 

In the above-described conventional diagnosis apparatus, 
if there is an error in the detected position detected by the 
sensor for detecting the crank angle and the sensor for 
detecting the phase of the cam shaft, a dispersion occurs in 
the detected phase difference so that there is a fear that a 
fault is erroneously diagnosed because the predetermined 
phase difference is not obtained even When the mechanism 
is normally operated or inversely a normal operation is 
erroneously diagnosed even When the predetermined phase 
difference is not obtained. Accordingly, there is a problem 
that it is difficult to accurately diagnose an error of a small 
phase angle. 

SUMMARY OF THE INVENTION 

The present invention is made by taking the above 
described problem into consideration and an object of the 
present invention is to provide a diagnosis apparatus for 
accurately diagnosing Whether or not a sWitching of a phase 
difference betWeen a crank shaft and a cam shaft is normally 
performed by a variable valve timing mechanism even if a 
position detected by a sensor includes an error. 

Further, another object of the present invention is to 
provide a diagnosis apparatus for easily and accurately 
diagnosing a phase difference While avoiding an in?uence of 
the error by the sensor. 

In order to solve the above-described object, according to 
an aspect of the present invention, there is provided a 
diagnosis apparatus for diagnosing a variable valve timing 
mechanism Which sWitches a phase of a cam shaft With 
respect to a crank shaft response to operational conditions, 
Wherein said variable valve timing mechanism assumes a 
plurality of control states, the diagnosis apparatus compris 
ing means for detecting a phase difference betWeen the crank 
shaft and the cam shaft for every control state of the variable 
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2 
valve timing mechanism and diagnosing a fault of the 
variable valve timing mechanism on the basis of a variation 
in the phase difference for every control state. 

According to another aspect of the present invention, 
there is provided a diagnosis apparatus for diagnosing a 
variable valve timing mechanism Which sWitches a phase of 
a cam shaft With respect to a crank shaft response to 
operational conditions and sWitches a open and close timing 
of an intake and/or eXhaust valve response to the operational 
conditions, the diagnosis apparatus comprising: a standard 
angle detector for outputting a signal of a standard angle at 
a predetermined angular position of the crank shaft; a phase 
detector for outputting a signal of a phase detection at a 
predetermined angular position of the cam shaft; a phase 
difference detector for detecting a phase difference of the 
crank angle from said standard angular signal to said phase 
detection signal for every control state of said variable valve 
timing mechanism; a variation calculating circuit for calcu 
lating a variation of the phase difference detected by the 
phase difference detector for every control state; and a fault 
diagnosing circuit for diagnosing a fault in said variable 
valve timing mechanism by comparing the variation calcu 
lated in the variation calculating means With a standard 
value previously set. 

In accordance With the structure according to the above 
aspects of the invention, even if the error eXists in the phase 
difference detected every control state, the variation in the 
phase difference detected every control state is calculated so 
as to eXclude an in?uence of the error, thereby detecting a 
rotating angle of the cam shaft by the variable valve timing 
mechanism With a great accuracy. 

In a preferred embodiment of the present invention, an 
unit angle detector for outputting an unit angular signal for 
every unit crank angle is provided and said phase difference 
detector counts the number of said unit angular signal 
generated betWeen said standard angular signal and said 
phase detection signal to detect said phase difference of the 
crank angle. 

In accordance With the above structure, the phase differ 
ence of the crank angle is detected When the unit crank angle 
is considered to be a minimum resolution. 

In a preferred embodiment of the present invention, a free 
run counter for counting the unit angular signal is provided 
and the phase difference detector detects the phase differ 
ence of the crank angle on the basis of both a value of the 
free run counter at a time When the standard angular signal 
is generated and a value of the free run counter at a time 
When the phase detection signal is generated. 

In accordance With the above structure, a number of the 
unit angular signal generated betWeen the standard angular 
signal and the phase detection signal is calculated by sub 
tracting the value of the free run counter at a time When the 
standard angular signal is generated from the value of the 
free run counter at a time When the phase detection signal is 
generated. 

In a preferred embodiment of the present invention, a 
standard signal period counter for counting the unit angular 
signal is provided, the counter being cleared upon every the 
standard angular signal, and a value calculated by subtract 
ing the value of the standard signal period counter from the 
value of the free run counter is used as a value of the free run 
counter at a time When the standard angular signal is 
generated. 

In accordance With the above structure, When the phase 
difference of the crank angle is calculated at a standard time 
When a special standard angular signal is generated, even in 



5,979,378 
3 

the case that a determination operation of determining 
Whether or not the standard angular signal is a standard of 
the phase detection is performed later than the time When the 
standard angular signal is generated, a value of the free run 
counter at a time When the standard signal as a standard for 
detecting the phase is generated can be detected by subtract 
ing the value of the standard signal period counter from the 
value of the free run counter at a time When the standard 
angular signal to be as a standard for detecting the phase is 
determined. 

In a preferred embodiment of the present invention, the 
variable valve timing mechanism is provided in each of a 
plurality of cam shafts, the phase detector is provided in 
each of a plurality of cam shafts and the phase difference 
detector reads phase detection signals from the plurality of 
phase detector in an independent manner to each other so as 
to detect the phase difference for every cam shaft and for 
every control state. 

In accordance With the above structure, for example, in 
the case that the variable valve timing mechanism is pro 
vided on every bank in a V internal combustion engine, a 
diagnosis can be performed every bank Without that the 
phase detection signal from one bank does not affect to a 
detection of the phase difference in the other bank. 

In a preferred embodiment of the present invention, a 
diagnosis range setting means is provided, the diagnosis 
range setting means restrictively setting a range of a crank 
angle for detecting the phase difference on the basis of the 
phase detection signal from the phase detector response to 
the standard angular signal from the standard angle detection 
means. 

In accordance With the above structure, for example, in 
the structure in Which the phase detection signal is output by 
detecting a portion to be detected (a projecting portion or a 
recess portion) provided on the cam shaft by means of a 
magnetic sensor, even in the case that the detected signal is 
not output by that the magnetic sensor responds to the other 
portion than the portion to be essentially detected; the 
diagnosis range is speci?ed to a range in Which the phase 
detection signal corresponding to the essentially detected 
portion is expected to be output so that the diagnosis can be 
performed Without in?uence of the detected signals gener 
ated by responding to the other portion than the essentially 
detected portion. 

In a preferred embodiment of the present invention, a 
diagnosis alloWing means is provided, the diagnosis alloW 
ing means being structured such that only When only one 
phase detection signal is detected from the phase detector in 
a range of the crank angle for detecting the phase difference 
set by the diagnosis range setting means, the fault diagnosis 
is performed by the fault diagnosis circuit on the basis of the 
phase detection signal. 

In accordance With the above structure, When tWo or more 
phase detection signals are detected in a diagnosis range 
originally set for outputting only one phase detection signal, 
the diagnosis apparatus presumes that a false phase detection 
signal is generated by a superposition of noise and the like 
and can stop diagnosing. Further, When no phase detection 
signal is detected Within the diagnosis range, fault or the like 
is presumed in the phase detection means and the diagnosis 
can be stopped. 

In a preferred embodiment of the present invention, the 
variable valve timing mechanism has plural control states 
including one control state When a solenoid is energiZed and 
an other control state When the solenoid is not energiZed. 

The nature, principle and utility of the invention Will 
become more apparent from the folloWing detailed descrip 
tion When read in conjunction With the accompanying draW 
mgs. 
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4 
BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying draWings: 
FIG. 1 is a schematic diagram Which shoWs a system of 

a variable valve timing mechanism in accordance With an 
embodiment of the present invention; 

FIG. 2 is a draWing Which shoWs a state of an oil passage 
in an ON control state of the variable valve timing mecha 
nism; 

FIG. 3 is a draWing Which shoWs a state of the oil passage 
in an OFF control state of the variable valve timing mecha 
nism; 

FIG. 4A is a draWing Which shoWs an open and close 
timing of an intake valve in an OFF control state of the 
variable valve timing mechanism; 

FIG. 4B is a draWing Which shoWs a open and close 
timing of the intake valve in an ON control state of the 
variable valve timing mechanism; 

FIG. 5 is a block diagram Which shoWs an operation 
circuit of a phase detection signal in accordance With the 
embodiment; 

FIG. 6 is a How chart Which shoWs a diagnosis routine in 
accordance With the embodiment; 

FIG. 7 is a How chart Which shoWs a routine for deter 
mining a standard value for phase detection in accordance 
With the embodiment; and 

FIG. 8 is a time chart Which shoWs a relation among a 
standard angular signal REF, a phase detection signal and a 
POS counter in accordance With the embodiment. 

DETAILED DESCRIPTION OF THE 
EMBODIMENT 

An embodiment of the present invention Will be explained 
beloW With reference to the attached draWings. 

FIG. 1 is a diagram Which shoWs a variable valve timing 
mechanism in accordance With the present embodiment. An 
internal combustion engine provided With the variable valve 
timing mechanism is a V internal combustion engine and is 
structured such as to include an intake side cam shaft and an 
exhaust side cam shaft in each of banks in an independent 
manner and to include a variable valve timing mechanism as 
shoWn in FIG. 1 in the intake side cam shaft of each bank. 

The variable valve timing mechanism as shoWn in FIG. 1 
comprises a phase sWitching mechanism 3, Which is 
mounted to an intake side cam sprocket 1, for sWitching a 
phase betWeen a crank shaft (not shoWn) and an intake side 
cam shaft 2, a variable valve timing control solenoid 4 for 
controlling supply of drive oil pressure to the phase sWitch 
ing mechanism 3, and a control unit 5 for outputting an ON 
and OFF control signal to the variable valve timing control 
solenoid 4. 
The variable valve timing control solenoid 4 is structured 

such as to, as shoWn in FIGS. 2 and 3, retreat in a direction 
that a rod 11 moves close to the solenoid in an OFF 

(non-excited) state of a solenoid body (not shoWn) provided 
in a base end side (an upper side in FIGS. 2 and 3) and to 
advance in a direction that a rod 11 moves apart from the 
solenoid in an ON (excited) state of a solenoid body. 

While Within a front end portion of a housing 12 sup 
ported in such a manner as to surround the rod 11, a 
cylindrical valve body 13 is inserted in such a manner as to 
be guided along an inner peripheral surface of the housing 
12 and to move in an axial direction. This valve body 13 is 
urged to the rod 11 side by a coil spring 14 Which is disposed 
betWeen the front end of the housing 12 and the valve body 
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13. The valve body 13 is in contact With a front end of the 
rod 11 by the urging force so that the valve body 13 is moved 
in the axial direction together With advancing and retreating 
of the rod 11. 

Further, on a peripheral Wall of the housing 12 in a front 
end thereof, an introduction hole 15 is provided for the 
purpose of introducing a hydraulic ?uid supplied in pressure 
from a oil pressure source (not shoWn) to a space surrounded 
by the inner peripheral surface of the housing 12 and the 
inner side of the valve body 13. The valve body 13 is 
provided With a communication hole 16 for discharging the 
hydraulic ?uid introduced through the introduction hole 15 
to a space surrounded by the inner peripheral surface of the 
housing 12 close to the valve body 13 and the outer 
peripheral surface of the rod 11. Further, a drain hole 17 is 
opened to the peripheral Wall of the housing 12 in such a 
manner as to face a space surrounded by the inner peripheral 
surface of the housing 12 and the outer peripheral surface of 
the rod 11. 

In this structure, in an OFF (non-excited) state of the 
variable valve timing control solenoid 4, the valve body 13 
comes apart from the front end of the housing 12 by 
retreating the rod 11 in the side close to the solenoid, and in 
this state the peripheral Wall of the valve body 13 does not 
interfere in the introduction hole 15, and the hydraulic ?uid 
is introduced to the housing 12 through the introduction hole 
15, moves Within the housing 12 through the communication 
hole 16 and is discharged from the drain hole 17. 

In contrast of this, in an ON (excited) state of the variable 
valve timing control solenoid 4, since the valve body 13 
goes doWn to the front end of the housing 12 by advancing 
the rod 11 in the side close to the valve body 13 so that the 
peripheral Wall of the valve body 13 close the introduction 
hole 15 inside thereof, the hydraulic ?uid is not discharged 
through the drain hole 17. 
A hydraulic ?uid passage 18 communicating With the 

introduction hole 15 is communicated With a hydraulic ?uid 
passage of the phase sWitching mechanism 3 in an upstream 
side thereof so that in the OFF state of the solenoid 4, oil 
pressure does not affect to the phase sWitching mechanism 
3 by discharging the hydraulic ?uid through the drain hole 
17 and When the solenoid 4 is turned to the ON state so as 
to close the drain hole 17, the oil pressure affects to the phase 
sWitching mechanism 3. 

The hydraulic ?uid passage 18 is communicated With a 
hydraulic ?uid passage 19 arranged on the cam shaft 2 prior 
to the solenoid 4 so that in When the hydraulic ?uid is not 
discharged from the solenoid 4 in the ON state of the 
solenoid 4, the hydraulic ?uid supplied to the hydraulic ?uid 
passage 19 reach a front surface of a plunger 21 including a 
cam sprocket 1 Within through a hydraulic ?uid passage 20 
arranged in the cam sprocket 1. Then, the hydraulic ?uid 
reaching the front surface of the plunger 21 acts to press the 
plunger 21 toWard the cam shaft 2 by an oil pressure thereof. 

Since the plunger 21 engages With the cam sprocket 1 and 
the cam shaft 2 by a helical gear 22, When the plunger 21 is 
pressed by the oil pressure, the plunger 21 moves in the axial 
direction to a stopper position While rotating. In this 
situation, since the cam sprocket 1 is ?xed by a timing chain 
(not shoWn), the cam shaft 2 is rotated together With the 
plunger 21 so that the cam sprocket 1 and the cam shaft 2 
changes their relative position in the peripheral direction. 
As a result of this, the phase of the crank shaft and the cam 

shaft is changed. 
In contrast of this, When the control solenoid 4 is turned 

to OFF, the hydraulic ?uid is discharged through the drain 
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6 
hole 17 of the solenoid 4 so that a force for pressing the 
plunger 21 toWard the cam shaft 2 runs short and the plunger 
21 is returned to the original position apart from the cam 
shaft 2 by an urging force of a return spring 23. 

In a manner mentioned above, in the variable valve timing 
mechanism in accordance With the present embodiment, a 
phase of the intake cam can be changed With a constant 
operating angle by changing the phase of the intake cam 
shaft 2 With respect to the crank shaft. As shoWn in FIGS. 4A 
and 4B, In the OFF state of the solenoid 4, an opening timing 
of the intake valve is delayed, and opposite in the ON state 
of the solenoid 4, the opening timing of the intake valve is 
hastened so that an overlap amount against the exhaust valve 
is increased. 
The ON and OFF operation of the solenoid 4 is controlled 

by a control signal from the control unit 5. In order to 
perform the ON and OFF operation of the solenoid in 
correspondence to an operating condition of the engine, and 
in order to change the open and close timing of the intake 
valve in correspondence to a driving condition, the control 
unit 5 is input a standard angular signal REF from a crank 
angle sensor, an unit angular signal POS, a Water tempera 
ture signal TW from a Water temperature sensor and an intake 
air ?oW signal Q from a air ?oW meter 33. 
The crank angle sensor 31 comprises a signal plate Which 

is axially supported to the cam shaft close to the exhaust 
Without the variable valve timing mechanism in the one 
bank and Which integrally rotates together With the exhaust 
side cam shaft and a sensor portion Which optically detects 
slits formed on the signal plate. 
The slits formed on the signal plate comprises a set of slits 

for an unit signal formed along a peripheral direction thereof 
every unit angle and a set of slits for a standard signal 
formed along a peripheral direction at every 60 degrees in 
the engine having 6 cylinders. TWo independent sensor 
portions are respectively arranged for detecting these tWo 
slit sets. Then, the unit angular signal POS every unit crank 
angle is output by detecting the slits for the unit signal and 
further the standard angular signal REF every standard crank 
angle (every 120 degrees CA in the engine having 6 
cylinders) is output by detecting the slits for the standard 
signal. In this structure, the slits for the standard signal is 
formed in such a manner as to have a different Width to each 
other so that a pulse Width of the standard angular signal 
REF is different from each other in every cylinders and 
determination to the cylinder is performed by determining 
the pulse Width of the standard angular signal REF. 
An engine speed Ne can be calculated by counting a 

period of the standard angular signal REF or by counting a 
number of the unit angular signal POS generated in an unit 
time. 

In this structure, the crank angle sensor 31 corresponds to 
a standard angle detector and an unit angle detector. 
A control unit 5 Which includes a micro computer deter 

mines the ON and OFF operation of the solenoid 4 on the 
basis of the operation conditions such as the intake air ?oW 
amount Q, the engine speed Ne, the Water temperature TW 
and the like, and outputs an ON and OFF control signal in 
correspondence to the determination to the solenoid 4 of 
each of the banks. 

Further, the control unit 5 has a function capable of 
performing a fault diagnosis of the variable valve timing 
mechanism having the above structure. In order to diagnose 
the above-described fault, a magnetic sensor 35 Which 
serves as a phase detector for outputting a detection signal 
(hereinafter refer to the phase detection signal) at a redeter 
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mined position of the cam shaft is provided in the intake side 
cam shaft 2 in each of the banks in Which the above 
described variable valve timing mechanism is arranged. 

The magnetic sensor 35 is disposed in the opposite end to 
the end in Which the variable valve timing mechanism of the 
cam shaft 2 is provided, and detects a recess portion 2a 
(Which may be a projecting portion) formed in a predeter 
mined angular position of the cam shaft 2 so as to output the 
phase detection signal. 

The phase detection signal from the magnetic sensor 35 
arranged in each of the banks is formed as a Wave shape of 
a pulse signal Which rises (or falls) at a 0 cross point by a 
Wave shape forming circuit 36. Then, each of the phase 
detection signal after Wave shape forming in the above 
mentioned manner is input to a CPU 37 as a capture input 
and a value of a free run counter (for example, a counter 
having 2 bite) Which counts the unit angular signal POS is 
captured to a register arranged in correspondence to each of 
the banks by a leading (or a trailing) edge of the capture 
input signal as a trigger (refer to FIG. 8). 

The phase detection signal (the pulse signal after the Wave 
shape forming) from each of the magnetic sensor 35 and the 
standard angular signal REF from the standard crank angle 
sensor 31 are set such as to be output With a relation as 

shoWn in FIG. 8, in the present embodiment. 
Accordingly, in both of the ON control state and the OFF 

control state of the solenoid 4, the phase detection signal of 
both of the banks are generated betWeen the standard 
angular signal REF in correspondence to the siXth cylinder 
and the standard angular signal REF in correspondence to 
the fourth cylinder. In the folloWing description, the standard 
angular signal REF in correspondence to the siXth cylinder 
is used as a standard signal for phase detection Which shoWs 
a predetermined angular position of the crank shaft. 

Fault diagnosis in the control unit 5 Will be explained 
beloW With reference to a diagnosis routine of a How chart 
as shoWn in FIG. 6. The diagnosis routine of the How chart 
as shoWn in FIG. 6 shoWs common contents to the respective 
banks, and the routine as shoWn in FIG. 6 is performed in 
parallel by using each of the phase detection signals inde 
pendently input to each of the banks. 

The How chart shoWn in FIG. 6 is interruptory performed 
When the standard angular signal REF rises. At ?rst in a step 
S1, Whether or not the standard angular signal REF Which is 
a base for the interrupt operation of this time is a signal in 
correspondence to the fourth cylinder as shoWn in FIG. 8 is 
determined and When the standard angular signal REF is not 
the signal in correspondence to the fourth cylinder, the 
routine is terminated. 

In contrast of this, When the standard angular signal REF 
is the signal in correspondence to the fourth cylinder, since 
a phase detection signal is eXpected to be detected in the 
preceding period as shoWn in FIG. 8, the process proceeds 
to a step S2 and Whether or not the state is the ON control 
state of the solenoid 4 is determined. 

When the state is the ON control state, the process 
proceeds to a step S3 and Whether or not a phase difference 
of the crank angle betWeen the crank shaft and the cam shaft 
is already counted is determined. 
When the phase difference in the ON control state is not 

counted yet, the process proceeds to a step S4 and Whether 
or not an alloWing condition for diagnosis is formed is 
determined. 

In this structure, it is preferable to alloW a diagnosis When 
only one phase detection signal is detected in each of the 
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8 
banks betWeen the standard angular signal. REF in corre 
spondence to the siXth cylinder and the standard angular 
signal REF in correspondence to the fourth cylinder 
(hereinafter refer to the diagnosis range) Which corresponds 
to a range Where the phase detection signal is generated 
(diagnosis range setting means). 

In the present embodiment, since the phase detection 
signal is output at only one time Within the diagnosis range 
regardless of the ON or OFF of the solenoid 4, When a 
plurality of output is made Within the diagnosis range, it is 
determined that a fault phase detection signal is generated by 
the fact that the noise is superposed on the output line of the 
phase detection signal. In this case, since the phase of the 
cam shaft can not rightly be detected, the diagnosis is not 
alloWed. When the phase detection signal is not detected 
Within the diagnosis range at all, it is presumed that the 
magnetic sensor 35 is troubled or the output line of the phase 
detection signal is broken. In this case, since the phase of the 
cam shaft is not detected, the diagnosis is not alloWed 
(diagnosis alloWing means). 

It is preferable to employ, as a diagnosis condition, that 
the crank angle sensor 31 is diagnosed so that the crank 
angle sensor 31 is not troubled. 

Further it is preferable to employ a condition that more 
than a predetermined time period has passed after sWitching 
to the ON control state and a phase sWitching is certainly 
completed in the variable valve timing mechanism and 
further employ a condition that a Water temperature and an 
engine speed is Within a predetermined range. 
When the diagnosis is alloWed, the process proceeds to a 

step S5 and a number of the unit angular signal POS 
generated betWeen the standard angular signal REF in 
correspondence to the siXth cylinder and the phase detection 
signal is calculated as the phase difference of the crank angle 
betWeen the crank shaft (the cam sprocket) and the cam 
shaft. The portion of the S5 corresponds to the phase 
difference detector. 

Speci?cally, a variation betWeen the value of the free run 
counter (the standard value) at a timing When the standard 
angular signal REF in correspondence to the siXth cylinder 
is output and the value of the free run counter captured in the 
register With the use of the phase detection signal as a 
trigger, that is, the value of the free run counter at a timing 
When the phase detection signal is generated, is calculated as 
the phase difference of the crank angle. 
The standard value is calculated in accordance With the 

How chart as shoWn in FIG. 7. 

The How chart is performed as an interrupt operation at a 
time When the standard angular signal REF is generated. At 
?rst in a step S21, Whether or not the standard angular signal 
REF at this time corresponds to the siXth cylinder is deter 
mined. 
When the standard angular signal REF is the signal in 

correspondence to the siXth cylinder, the process proceeds to 
a step S22 and a result obtained by subtracting a value in a 
counter (a standard signal period counter) Which counts the 
unit angular signal POS and is cleared in each of the 
standard angular signal REF from the value of the free run 
counter at that time is set to the standard value as a value of 
the free run counter at a time When the standard angular 
signal REF in correspondence to the siXth cylinder is gen 
erated. 
As mentioned above, in the case that the structure is made 

such that the value of the free run counter at a time When the 
REF in correspondence to the siXth cylinder is calculated, 
even if the routine as shoWn in the How chart of FIG. 7 is 
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delayed from the generation of the standard angular signal 
REF due to the other interruption routine having higher 
priority, the value of the free run counter at a time When the 
REF in correspondence to the sixth cylinder can be detected. 

It is possible to detect the phase difference by using only 
a value of a counter Which is cleared every standard angular 
signal REF. In this case, since the counter is cleared at a time 
of the standard angular signal in correspondence to the ?fth 
cylinder as shoWn in FIG. 8, it is required to separate 
Whether the phase detection signal is output before the clear 
operation or the phase detection signal is output after the 
clear operation and then to calculate the phase difference. 
Accordingly, it is preferable to employ the free run counter. 

In the case that the free run counter is returned to 0 before 
the phase detection signal is generated from the REF of the 
sixth cylinder in FIG. 8, the phase difference is not normally 
detected. Therefore, it is preferable to apply an operation of 
canceling the diagnosis When the value of the free run 
counter captured at a time of generation of the phase 
detection signal is smaller than the value of the free run 
counter at a time of generation of the REF of the sixth 
cylinder Which is a standard of a phase detection. 

Further, it is possible to make a structure such that the 
counter is cleared only When the standard angular signal 
REF output in the other range than the diagnosis range, that 
is, the standard angular signal REF other than the standard 
angular signal REF of the fourth, ?fth and sixth cylinders is 
generated so that the counter is never returned to 0 value 
betWeen the REF of the sixth cylinder and the REF of the 
fourth cylinder. 

Still further, in the structure that the value of the free run 
counter is captured in the register With the use of the leading 
edge of the phase detection signal as a trigger, it is preferable 
to make the other range than the diagnosis range a mask 
period of the phase detection signal so that even When the 
phase detection signal is generated in the other range than 
the diagnosis range, the value of the counter at that time is 
not captured in the register. 

In a step S6, a ?ag Which shoWs a completion of detecting 
the phase difference of the crank angle in the ON control 
state is set. 

In a step S7, Whether or not counting the phase difference 
of the crank angel in the OFF control state is completed is 
determined. 

In the case that the counting in the OFF control state is not 
completed, after the determination in the OFF control state 
is performed in the step S2, the process proceed to steps S8 
to S12 and the phase difference of the crank angle is counted 
in a similar manner to the time of the ON control state. 

Speci?cally, in the step S8, Whether or not the counting of 
the phase difference in the OFF control state is completed is 
determined. In the case of not completed, the process 
proceeds to the step S9 and Whether or not the diagnosis 
alloWing condition is accomplished is determined and When 
the alloWing condition is accomplished, the process pro 
ceeds to the step S10 Which serves as a phase difference 
detector and the phase difference is calculated. 

In the step S11, a ?ag Which shoWs a completion of 
counting the phase difference in the OFF control state is set 
and in the step S12, Whether or not the phase difference in 
the ON control state is already counted is determined. 
When the steps S7 and S12 determines that both of the 

phase difference in the ON control state and the phase 
difference in the OFF control state are already counted, the 
process proceeds to a step S13 Which serves as a variation 
calculating circuit. 

10 

15 

25 

35 

45 

55 

65 

10 
It is preferable to count each of the phase difference in the 

ON control state and the phase difference in the OFF control 
state at a plurality of times and to calculate an average value 
of each thereof. In calculating the average value, it is 
preferable to calculate the average value on the basis of the 
other data than the maximum data and the minimum data in 
a plurality of phase difference data. 

In the step S13, the variation betWeen the phase difference 
calculated in the OFF control state and the phase difference 
calculated in the ON control state is calculated as a diagnosis 
parameter. The diagnosis parameter shoWs the phase differ 
ence of the crank angle betWeen the phase detection signal 
in the ON control state and the phase detection signal in the 
OFF control state. 

In a step S14, comparison betWeen the diagnosis param 
eter and the standard value for diagnosis is performed. In the 
case that the diagnosis parameter is less than the standard 
value for diagnosis, the process proceeds to a step S15 and 
a fault in the variable valve timing mechanism is determined 
so that a driver is alarmed to the fault by an alarm means 
such as a lamp. 

In contrast of this, When the diagnosis parameter is not 
less than the standard value for diagnosis, the process 
proceeds to a step S16 and a normal state of the variable 
valve timing mechanism is determined. 

The above-described steps S14 to S16 correspond to a 
fault diagnosis circuit. 
When the variable valve timing mechanism is a mecha 

nism for rotating the cam shaft, for example, at 10 degrees, 
the diagnosis parameter is expected to be a value in corre 
spondence to the 10 degrees in the normal condition. 
Accordingly, When a diagnosis parameter in correspondence 
to an angle signi?cantly smaller than the 10 degrees is 
calculated, a desired Width of a phase variation is not 
actually obtained even if the ON and OFF control of the 
variable valve timing mechanism is performed. In this case, 
it is presumed that a fault has occurred. 

For example, as shoWn in FIG. 8, in the case that the phase 
difference of the crank angle betWeen the standard angular 
signal REF of the sixth cylinder and the leading edge of the 
phase detection signal is 20 degrees at a time that the 
variable valve timing mechanism is normally operated in the 
ON state and the phase difference is 30 degrees When the 
variable valve timing mechanism is normally operated in the 
OFF state, the diagnosis can be made by determining 
Whether or not an actual phase difference becomes 20 
degrees or 30 degrees. HoWever, if there is an error in a 
detecting position of the magnetic sensor 35 or a generation 
timing of the standard angular signal REF, there is a possi 
bility that the phase difference does not become 20 degrees 
or 30 degrees in spite of normal operation of the variable 
valve timing mechanism so that a fault is erroneously 
determined. In contrast of this, in accordance With the 
present embodiment, When the structure is made such that a 
variation betWeen the phase difference in the ON control 
state and the phase difference in the OFF control state is 
calculated, the same in?uence due to the error is given to 
each of the phase differences so that the in?uence due to the 
error is avoided by calculating the variation. Accordingly, 
the actual rotating angle of the cam shaft by the variable 
valve timing mechanism can be determined so that an 
accurate diagnosis can be performed even if there is a sensor 
error. 

In the above-described embodiment, the V engine is 
exempli?ed, hoWever, it is clear that the present invention 
can be applied to an in-line engine in Which only one 
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variable valve timing mechanism to be diagnosed is pro 
vided. It is also clear that the diagnosis range is changed by 
a relation betWeen the detected position by the magnetic 
sensor and the standard angular signal REF. 

Further, it is preferable that after the determination result 
of normal or fault is given, the diagnosis is inhibited until a 
key sWitch is turned OFF and the diagnosis is again per 
formed When the key sWitch is turned ON and the engine is 
restarted. 

In accordance With the embodiment above described, 
even if the result of the phase difference detected every 
control state includes an error, Without the in?uence by the 
error, there is an effect that Whether or not the phase 
difference is normally sWitched by the variable valve timing 
mechanism can be diagnosed. 

In accordance With the embodiment above described, 
there is an effect that the phase difference of the crank angle 
betWeen the crank shaft and the cam shaft can be easily 
detected by counting the unit angular signal. 

In accordance With the embodiment above described, 
there is an effect that the phase difference of the crank angle 
betWeen the crank shaft and the cam shaft can be easily 
detected by sampling the value of the free run counter for 
counting the unit angular signal at a time When the standard 
angular signal is generated and at a time When the phase 
detection signal is generated, respectively. 

In accordance With the embodiment above described, 
there is an effect that even When the determination for 
performing the detection of the phase difference is late from 
the time When the standard angular signal is generated, the 
detection of the phase difference can be performed by 
detecting the value of the free run counter at the time When 
the standard angular signal is generated. 

In accordance With the embodiment above described, 
there is an effect that in the engine comprising the cam shaft 
and the variable valve timing mechanism being arranged on 
each cam shaft, the diagnosis can be accurately performed 
every variable valve timing mechanism. 

In accordance With the embodiment above described, 
there is an effect that the erroneous detection of the angular 
position of the cam shaft is avoided by limiting the diagnosis 
range so that an accuracy for diagnosis can be secured. 

In accordance With the embodiment above described, 
there is an effect that the erroneous detection of the phase 
difference due to superposition of noise and fault in phase 
detector is avoided so that the diagnosis accuracy of the 
variable valve timing mechanism can be maintained. 

It should be understood that many modi?cations and 
adaptations of the invention Will become apparent to those 
skilled in the art and it is intended to encompass such 
obvious modi?cations and changes in the scope of the 
claims appended hereto. 
What is claimed is: 
1. A diagnosis apparatus for diagnosing a variable valve 

timing mechanism Which sWitches a phase of a cam shaft 
With respect to a crank shaft in response to operation 
conditions, Wherein said variable valve timing mechanism 
selects one of a plurality of variable timing control states, the 
diagnosis apparatus comprising: 

?rst detecting means for detecting a ?rst phase difference 
betWeen the crank shaft and the cam shaft in an ON 
control state of the variable valve timing mechanism; 

second detecting means for detecting a second phase 
difference betWeen the crank shaft and the cam shaft in 
an OFF control state of the variable valve timing 
mechanism; and 
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12 
diagnosis means for diagnosing a fault of the variable 

valve timing mechanism by comparing a difference 
betWeen said ?rst phase difference and said second 
phase difference With a predetermined value. 

2. A diagnosis apparatus for diagnosing a variable valve 
timing mechanism according to claim 1, Wherein the vari 
able valve timing mechanism has plural control states 
including one control state When a solenoid is energiZed and 
an other control state When the solenoid is not energiZed. 

3. A diagnosis apparatus for diagnosing a variable valve 
timing mechanism Which sWitches a phase of a cam shaft 
With respect to a crank shaft in response to operation 
conditions and sWitches an open and close timing of at least 
one of an intake valve an eXhaust valve in response to 

operation conditions, the diagnosis apparatus comprising: 
a standard angle detector for outputting a signal of a 

standard angle at a predetermined angular position of 
the crank shaft; 

a phase detector for outputting a signal of a phase detec 
tion at a predetermined angular position of the cam 
shaft; 

a phase difference detector for detecting a ?rst phase 
difference and a second phase difference of the crank 
angle from said standard angular signal to said phase 
detection signal for an ON and an OFF control states of 
said variable valve timing mechanism respectively; 

a different calculating circuit for calculating a difference 
betWeen the ?rst phase difference and the second phase 
difference detected by the phase difference detector for 
every control state; and 

a fault diagnosing circuit for diagnosing a fault in said 
variable valve timing mechanism by comparing the 
difference calculated in the difference calculating 
means With a standard valve previous set. 

4. A diagnosis apparatus for diagnosing a variable valve 
timing mechanism according to claim 3, Wherein an unit 
angle detector for outputting an unit angular signal for every 
unit crank angle is provided and said phase difference 
detector counts the number of said unit angular signal 
generated betWeen said standard angular signal and said 
phase detection signal to detect said phase difference of the 
crank angle. 

5. A diagnosis apparatus for diagnosing a variable valve 
timing mechanism according to claim 4, Wherein a free run 
counter for counting said unit angular signal is provided and 
said phase difference detector detects the phase difference of 
the crank angle on the basis of a value of the free run counter 
at a time When said standard angular signal is generated and 
a value of the free run counter at a time When said phase 
detection signal is generated. 

6. A diagnosis apparatus for diagnosing a variable valve 
timing mechanism according to claim 5, Wherein a standard 
signal period counter for counting said unit angular signal is 
provided, said counter being cleared upon every said stan 
dard angular signal, and Wherein a value calculated by 
subtracting the value of said standard signal period counter 
from the value of said free run counter is used as a value of 
the free run counter at a time When the standard angular 
signal is generated. 

7. A diagnosis apparatus for diagnosing a variable valve 
timing mechanism according to claim 3, Wherein said vari 
able valve timing mechanism is provided in each of a 
plurality of cam shafts, said phase detector is provided in 
each of said plurality of cam shafts and said phase difference 
detector reads phase detection signals from said plurality of 



5,979,378 
13 

phase detector in an independent manner to each other so as 

to detect the phase difference for every cam shaft and for 
every control state. 

8. A diagnosis apparatus for diagnosing a variable valve 
timing mechanism according to claim 3, Wherein a diagnosis 
range setting means is provided, said diagnosis range setting 
means restrictedly setting a range of a crank angle for 
detecting said phase difference on the basis of the phase 
detection signal from said phase detector response to the 10 
standard angular signal from said standard angle detector. 
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9. A diagnosis apparatus for diagnosing a variable valve 

timing mechanism according to claim 8, Wherein a diagnosis 
alloWing means is provided, said diagnosis alloWing means 
being structured such that only When only one phase detec 
tion signal is detected from said phase detector in a range of 
the crank angle for detecting said phase difference set by 
said diagnosis range setting means, the fault diagnosis is 
performed by said fault diagnosis circuit on the basis of said 
phase detection signal. 


